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Topics

• Introduction:

– NASA

– JPL

– Natural Space Environments (NSE) Group

– Myself

• Mars

– Mars Exploration Program

– Mars Science Laboratory

– Mars 2020
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NASA Vision Statements
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NASA Centers
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JPL is part of NASA and Caltech

• Federally (NASA)-owned “Federally-
Funded Research and Development 
Center” (FFRDC)

• University (Caltech)-operated

• >$2 billion business base

• ~6,000 employees 

• 177 acres  (Includes 22 acres leased for 
parking)

• 139 buildings and 36 trailers

• 673,000 net square feet of office space

• 906,000 net square feet of non-office 
space (e.g., labs)

NASA

JPL CalTech
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JPL’s primary mission for NASA is robotic 
space exploration

• Mars

• Solar system

• Exoplanets

• Astrophysics

• Earth Science

• Interplanetary network
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ACRIMSAT

Spitzer

Two Voyagers

Cassini
CloudSat

GALEX

Dawn

Opportunity

Mars Reconnaissance Orbiter

Mars Odyssey

GRACE

Wide-field Infrared Survey 
Explorer (WISE)

Jason 1 and Jason 2

Kepler

Juno

MSL

NuSTAR

9

Thirty-nine spacecraft and instruments across the solar system 
(and beyond) – as of 2017

SMAP 

Jason 2 and Jason 3
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> 10 Future Missions (Planned)

Pre-Decisional Information 
-- For Planning and 
Discussion Purposes Only
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JPL’s Natural Space Environment Group
• Supports all JPL flight missions for the space environments and effects area

– Radiation (environment, shielding, charging, ….), 

– MMOD

– Space weather

– Atomic Oxygen, etc.

• Is responsible for developing and maintaining the radiation environment 
models for planetary missions (Mars, Jupiter, Saturn, etc.)

• Is responsible for evaluating other radiation environment models available in 
the community (e.g., AP9/AE9, Solar proton models) and adopting for JPL 
missions

• Is the JPL lead for nuclear planetology

– Gamma ray and neutron spectroscopy
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What do I do ?
CURRENT (a few selected):

– Supervisor of the Natural Space Environment Group

– Science Team Member:

• Mars Science Laboratory

• Europa mission

• Psyche mission

– JPL representing team member for:

• NASA-wide Capability Leadership Team for Space Env.

• Nation-wide Technical Discipline Team for Space Env.

– Teaches at UCLA

– Academic Advisor for two PhD students (SNU, MIT, and Texas A&M)

RECENT PAST:

– Study lead for JPL Black Box (Space Environment Monitor) Development

– PI and Task manager for Compact Reconfigurable Environment Assurance Monitor 
(CREAM)

– Committee member of The National Academies National Research Council (NRC)

– PIs for many R&TD (topics and initiative) and DRDF

– PIs for ROSES research grants

– NASA/ESA Jovian environment working group co-chair

– Juno IESD Tiger team lead
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MARS
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MARS SCIENCE LABORATORY 
(CURIOSITY)



17NASA/JPL-Caltech

Curiosity’s primary scientific goal is to explore and quantitatively 
assess a local region on Mars’ surface as a potential habitat for life, 
past or present

• Biological potential

• Geology and geochemistry

• Water and weather

• Radiation hazards

17
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Curiosity’s Science Payload

ChemCam
(Chemistry)

Mastcam
(Imaging)

REMS
(Weather)

DAN
(Subsurface
Hydrogen)

SAM
(Chemistry
and Isotopes)

CheMin
(Mineralogy)

MARDI
(Imaging)

APXS
(Chemistry) MAHLI

(Imaging)
RAD

(Radiation)

Drill
Scoop
Brush
Sieves
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Landing and Mobility

SURFACE MISSION

• Long-lived Plutonium power source

• Ability to drive out of landing 

ellipse, up 100 m per sol

• 84 kg of science payload

• Direct (uplink) and relayed 

(downlink) communication

ENTRY, DESCENT,  LANDING
• Guided entry and powered 

“sky crane” descent

• 20×25-km landing ellipse

• Access to landing sites ±30°

latitude, <0 km elevation

• 900 kg rover

CRUISE/APPROACH

• 8-month cruise

• Arrived August 5th, 2012

LAUNCH
• Nov-2011

• Atlas V (541)
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Curiosity’s Sampling System

• Cleans rock surfaces with a brush

• Places and holds the APXS and 
MAHLI instruments

• Acquires samples of rock or soil 
with a powdering drill or scoop

• Sieves the samples (to 150 μm or 1 
mm) and delivers them to 
instruments or an observation tray

• Exchanges spare drill bits

2.25-m Robot Arm

Extra Drill 
Bits

Sample 
Observation 
Tray

Turret

Organic Check 
Material

Drill

CHIMRA
APXS

MAHLI

Brush



21

How do we get there?
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Mars Landing Sites
(Previous Missions and MSL Final Candidates)
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NASA/JPL-Caltech/ESA/DLR/FU Berlin/MSSS

150-km Gale Crater contains a 5-km high mound of 
stratified rock.  Strata in the lower section of the mound 
vary in mineralogy and texture, suggesting that they may 
have recorded environmental changes over time.  
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Kicking up dust just prior to landing

NASA/JPL-Caltech/MSSS
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August 5, 2012: “Touchdown confirmed.”

“Time to see where our Curiosity will take us.”

NASA/JPL-Caltech
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Curiosity self-portrait 

at Rocknest

Assembled from 55 

MAHLI images

Shows four scoop 

trenches and wheel 

scuff

NASA/JPL-Caltech/MSSS
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~15.5 km at the end of Jan, 2017
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Measurements of Mars’ 

Atmosphere and Environment
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Curiosity’s Rover Environmental Monitoring 

Station is taking weather readings 24 × 7

NASA/JPL-Caltech/CAB(CSIC-INTA)
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Air in Gale Crater is much drier than on Earth, but 

relative humidity rises on cold winter nights

NASA/JPL-Caltech/CAB(CSIC-INTA)
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REMS pressure measurements reveal local, 

regional, and planetary-scale phenomena

[Haberle et al., 2014]

REMS takes hourly 

measurements with 

occasional 1-Hz 

extended sessions

Daytime convective 

vortices are present, 

but no dust devils 

have been observed

Diurnal thermal tides 

(left) are amplified 

and modified by the 

crater topography

The CO2 pressure 

cycle at Gale also 

has components due 

to elevation and 

planetary 

circulations
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Curiosity’s Radiation Assessment Detector 

measures high-energy radiation

Hard Solar 
Event

The RAD instrument measured 

the radiation flux from both 

galactic cosmic rays and solar 

energetic particles, in cruise and 

at Mars’ surface

If shielded similarly to the RAD 

instrument, a crewed mission 

would receive ~1 Sievert of 

exposure in a round trip to Mars 

with 500 sols on the surface

1 Sievert is currently the 

maximum lifetime dose for 

astronauts

[Hassler et al., 2014]
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Arm deployed at Yellowknife Bay

NASA/JPL-Caltech/D. Bouic
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Curiosity’s 1.6-cm drill bit, drill and test holes, 

and scoop full of acquired sample

NASA/JPL-Caltech/LANL/CNES/IRAP/IAS/LPGN

NASA/JPL-Caltech/MSSS NASA/JPL-Caltech/MSSS
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US dime-sized drill hole with light-toned veins 

and ChemCam profile

NASA/JPL-Caltech/
U. Guelph

NASA/JPL-Caltech/MSSS
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NASA/JPL-Caltech/Goddard

Curiosity determined that 

ancient Mars was capable 

of supporting life

At Yellowknife Bay, Curiosity found an ancient lake, the key 

chemical ingredients required by life (such as carbon, nitrates, 

and sulfur), and chemical energy usable for microbial metabolism

CheMin X-ray diffraction 

found clay minerals

SAM laboratory found 

chemical ingredients of life

Habitability:

✓ Water

✓ Key Chemical Ingredients

✓ Source of Energy

NASA/JPL-Caltech/MSSS
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NASA/JPL-Caltech/MSSS

An Ancient Habitable Environment

at Yellowknife Bay

• The regional geology and fine-grained rock suggest that the 

John Klein site was at the end of an ancient river system or 

within an intermittently wet lake bed

• The mineralogy indicates sustained interaction with liquid 

water that was not too acidic or alkaline, and low salinity.  

Furthermore, conditions were not strongly oxidizing.

• Key chemical ingredients for life are present, such as carbon, 

hydrogen, nitrogen, oxygen, phosphorus, and sulfur

• The presence of minerals in various states of oxidation would 

provide a source of energy for primitive organisms
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NASA/JPL-Caltech/GSFC

The organic chemical chlorobenzene was detected in the 

Cumberland drilled sample.  The chlorine likely is derived 

from perchlorate in the sedimentary rock.

NASA/JPL-Caltech
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Notes on Organics

• This is the first-ever detection of a martian organic chemical.

• It took many analyses of rocks and soils, as well as additional 

analyses of blanks and calibration standards on Mars and on 

Earth, in order to verify this discovery.

• SAM detected simple hydrocarbon molecules in which some 

of the hydrogen was replaced with chlorine.  This could have 

happened on Mars, or within the instrument, through reaction 

with perchlorate compounds that are known to be widespread 

on Mars.

• Simple organic molecules do not require biology for their 

formation.  However, they are building blocks of life.  More 

importantly, we now can study what environments preserve 

organics on Mars’ surface, increasing our ability to search for 

other life-related materials.
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Curiosity discovered southward-tilted sandstone beds on Gale 

Crater’s plains that indicate water-driven transport of 

sediment, building lower Mount Sharp from lake deposits

NASA/JPL-Caltech/GSFC

Possible lake deposits at the 
base of Mount Sharp

Mount Sharp
NASA/JPL-Caltech/MSSS
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An illustration of lake partially filling Gale Crater.  If such a 

lake existed for millions of years, it would have required a 

more humid climate and active hydrological cycle.

NASA/JPL-Caltech/GSFC

NASA/JPL-Caltech/ESA/DLR/FU Berlin/MSSS
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Curiosity’s ultimate goal is to explore the 

lower reaches of the 5-km high Mount Sharp

NASA/JPL-Caltech/Univ. of Arizona

(Yellowknife Bay)

(Murray Buttes)

The Kimberley
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NASA/JPL-Caltech

Curiosity is more steeply climbing Mount Sharp in the second two-

year extension of its mission
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Curiosity’s Extended Mission will explore Mt. Sharp, with an 

emphasis on understanding the subset of habitable 

environments that preserve organic carbon

NASA/JPL-Caltech/Goddard

Sulfate Unit

Hematite Unit

(Vera Rubin Ridge)

Murray Formation

Clay Unit

NASA/JPL-Caltech/MSSS
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Mars exploration 

results are strong 

evidence that early 

Mars was warm and 

wet.

Aqueous minerals, 

high silica deposits, 

long-lived lakes in 

Gale Crater would be 

possible only with an 

active hydrological 

cycle and other 

bodies of water.

Mars was habitable, 

could have been 

inhabited, may be 

today, and could be in 

the future.
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MARS 2020
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Mars 2020 Becoming Publicly Visible
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Project Overview
Salient Features

▪ Category:  1

▪ Risk Class:  A-tailored

▪ Directed, JPL in-house implementation 

▪ High heritage MSL design

▪ Modifications only as necessary to accommodate new 
payload and Sampling / Caching System (SCS)

▪ Planetary Protection Category V per Program 
direction

Science (https://mars.nasa.gov/mars2020/mission/science/objectives/)

▪ Characterize the processes that formed and modified the geologic record within a field exploration area 
on Mars selected for evidence of an astrobiologically-relevant ancient environment and geologic diversity.

▪ Perform the following astrobiologically relevant investigations on the geologic materials at the landing 
site:

1. Determine the habitability of an ancient environment.

2. For ancient environments interpreted to have been habitable, search for materials with high 
biosignature preservation potential.

3. Search for potential evidence of past life using the observations regarding habitability and 
preservation as a guide.

▪ Assemble rigorously documented and returnable cached samples for possible future return to Earth.

▪ Contribute to the preparation for human exploration of Mars by making significant progress towards 
filling at least one major Strategic Knowledge Gap (SKG). 

http://mars.jpl.nasa.gov/mars2020/images/PIA17273_artist-concept-plain-br2.jpg
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Mission Overview

LAUNCH

• Atlas V 541 vehicle

• Launch Readiness 
Date: July 2020

• Launch window:     
July/August 2020

CRUISE/APPROACH

• ~7 month cruise

• Arrive Feb 2021

ENTRY, DESCENT & LANDING

• MSL EDL system (+ Range Trigger 
and Terrain Relative Navigation): 
guided entry and powered 
descent/Sky Crane

• 16 x 14 km landing ellipse (range 
trigger baselined)

• Access to landing sites ±30°
latitude, ≤ -0.5 km elevation

• Curiosity-class Rover

SURFACE MISSION

• 20 km traverse distance capability

• Enhanced surface productivity

• Qualified to 1.5 Martian year lifetime

• Seeking signs of past life

• Returnable cache of samples

• Prepare for human exploration 
of Mars
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Mars 2020 Rover Concept

Stays the Same as MSL
▪ Avionics

▪ Power

▪ GN&C

▪ Telecom

▪ Thermal

▪ Mobility

Changed
▪ New Science Instrument Suite

▪ New Sampling Caching System

▪ Modified Chassis 

▪ Modified Rover Harness 

▪ Modified Surface FSW

▪ Modified Rover Motor Controller

▪ Modified Wheels
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https://www.jpl.nasa.gov/spaceimages/details.php?id=PIA19672
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THANK YOU!

QUESTIONS?


